the bulk of oil or water phases at the interface. Based on a series of studies on electrocapillary phenomena at oil/water interfaces, they proposed and substantiated a corresponding emulsification technique 15 .
Emulsions of oil and water are widely used in a variety of industries involving chemicals, cosmetics, and food. In particular, food emulsions are ubiquitous in our daily life 16 18 .
Electrocapillary phenomena have partly been investigated using food oil 19, 20 and/or food-grade surfactants 21, 22 .
However, most of the previous studies used oil and/or surfactants, which were not necessarily compatible with food in order to simplify experiments and obtain fundamental insights. In this study, we investigated electrocapillary phenomena at edible oil/saline interfaces considering the nature of food ingredients, obtaining fundamental information on electrocapillary phenomena and contributing to the development of efficient and safe manufacturing processes in food industry.
EXPERIMENTAL 2.1 Materials
The edible canola oil used in this study was supplied by evertron inc. Tokyo, Japan and used as received. This oil was based on triacylglycerols with the results of acyl group analysis listed in Table 1 . Phosphate-buffered saline PBS; 0.01M, Wako Pure Chemical Industries, Ltd. with pH 7.2 7.4 and saline with pH 5.4 5.6 were used in this study, because the pH of natural foods such as vegetables, meat, and fish mostly ranges between 5 and 7 23 . PBS was used as received, while the saline with pH 5.4 5.6 was prepared by dissolving 9 g of NaCl Wako Pure Chemical Industries, Ltd. that was baked at 500 for 6 h, into 1 L of Milli-Q water. Sodium oleate SO, 99 by capillary GC and glyceryl trioleate assay 99 were purchased from Sigma Aldrich Inc., and used without further purification. Oleic acid OA, Wako Pure Chemical Industries, Ltd. was used without further purification. Methanol and chloroform Wako Pure Chemical Industries, Ltd. used for thin-layer chromatography TLC were of guaranteed reagent grade.
Thin-layer chromatography
Qualitative analysis of the edible oil used in this study was performed by means of TLC. The oil was diluted with chloroform, and spotted on a TLC plate Silica gel 70FM Plate-Wako . The plate was dipped into methanol/chloroform 1:99 v/v for several seconds, followed by immersion into concentrated sulfuric acid and heating with a heating gun for visualization. For comparison, oleic acid, sodium oleate and glyceryl trioleate were assessed in the same way.
Electrocapillary measurements
To examine electrocapillary phenomena, interfacial tension between edible oil and saline was measured using a drop weight method based on the application of electric fields between the two phases, with the setup shown in Fig. 1 . A droplet of saline was formed in edible oil at the tip of a Pt capillary with an outer diameter of 1 mm using a micro-syringe pump KDS100, KD Scientific, Inc., USA . The maximum weight of this droplet was measured using an electronic analytical scale XSE204, Mettler-Toledo International Inc., USA and the weight of 5 10 saline droplets was averaged. The interfacial tension γ was calculated by substituting the volume of a droplet estimated from the average weight of the droplet into the following equation:
where V is the volume of a saline droplet, ρ 1 1.00 and ρ 2 0.91 are the densities of saline and oil, respectively, r 0.5mm is the outer radius of the Pt capillary tip, g is the gravity acceleration, and φ is the Harkins-Brown correction term 24 , given by the following equation 25 :
, for 0 ≤ r V 1/3 ≤ 0.95 2 Prior to each measurement, the surface tension of saline was measured in air to confirm experiment reproducibility and was determined as 72.8 0.8 mN/m at 22 2 , falling within the range of previously reported surface tensions of 72.7 72.9 mN/m for aqueous solutions of 0.1 0.2 M NaCl at 20 26 . Figure 2 shows a schematic diagram of the electronic apparatus used to measure the interfacial tension between edible oil and saline. A ring with an inner diameter of 1 cm, which were made of a Pt wire with a diameter of 1 mm, was used as a counter electrode in edible oil, with the distance between its center and the tip of a Pt capillary being 5mm. The Pt capillary and the Pt-wire ring were connected to a frequency generator 33500B, Agilent Technologies, USA through a voltage amplifier M-2647, MESS-TEK Co., Ltd., Japan . The voltages and frequencies of electric fields applied between the ring and the capillary were monitored using a digital multimeter 34460A, Agilent Technologies, USA . Figure 3 schematically shows the modes of the applied Total 100.0 electric field. The interfacial tension between edible oil and saline was measured in three modes: a AC electric field; b AC electric field with a positive offset voltage; and c AC electric field with a negative offset voltage. The AC electric fields were applied at frequencies of 0.05 50 kHz. In this study, the offset voltages were represented by positive and negative DC electric fields with reference to the edible oil applied to the saline droplet. Electrocapillary phenomena have mostly been investigated using DC electric fields and interpreted in relation to interfacial polarization. Although AC electric field is known to induce interfacial polarization as described later, the corresponding electrocapillary phenomena have not been extensively examined. Hence, it would be of great interest to examine the relationship between electrocapillary phenomena and interfacial polarization.
Electric response of saline droplets in edible oil
The electric responses of saline droplets in edible oil to AC electric fields with a frequency of 50 kHz and peak-topeak voltages of 20 200V were observed by an optical microscope BX60, Olympus Co., Ltd., Japan . Figure 4 shows a schematic diagram of the apparatus used for the microscopic observation of the electric response of saline droplets in edible oil. Two Pt -wire electrodes with a diameter of 0.5 mm faced each other with a gap of 1 mm in a rectan- gular glass cell with 9 mm wide, 34 mm long, and 0.5 mm depth. Saline/edible oil W/O emulsions were prepared by shaking 1/9 v/v saline/edible oil mixtures with a vortex mixer for several seconds. The diameters of saline droplets in the edible oil were in the range of 10 to 100 μm. A small amount of the W/O emulsion was placed in the gap between the two electrodes and shielded by a cover glass plate. AC electric fields were applied between the two electrodes connected to a frequency generator AFG3022, Tektronix Inc., USA through a voltage amplifier F10A, FLC Electronics AB, Sweden . The amplitude and frequency of the applied fields were monitored using a digital multimeter U3402A, Agilent Technologies, USA . The electric responses of saline droplets in edible oil were examined by changing the electric field strength between the two electrodes.
RESULTS AND DISCUSSION

Ingredients of edible oil
The edible oil used in this study was based on triacylglycerols with saturated and unsaturated fatty acid chains Table 1 , showing a composition similar to that of typical canola oils 27 . Figure 5 shows the image of a TLC plate with visualized spots corresponding to edible oil ingredients, glyceryl trioleate, OA and SO, respectively. Glyceryl trioleate is triacylglycerol with acyl groups of oleic acid chains being a typical ingredient of edible oil. For comparison, OA and SO were considered as possible products of chemical degradation of edible oils. The large spot with the maximum R f value corresponded to glyceryl trioleate, while the faint spots with smaller R f values corresponded to ingredients more polar than triacylglycerols. These compounds exhibited R f values similar to those of OA and SO spots, suggesting that some oil components were as polar as OA and SO.
3.2 The effect of the saline droplet formation rate on interfacial tension In a drop weight method, the droplet free fall must be caused by gravity only, and therefore any hydrodynamic perturbation must be avoided. We examined the effect of the saline droplet formation rate on the interfacial tension between edible oil and saline to examine the possible effects of hydrodynamic perturbations. Figure 6 shows the interfacial tension between edible oil and saline as a function of the saline flow rate, i.e., the droplet formation rate. The interfacial tension decreased remarkably with decreasing the saline flow rate, irrespective of the saline pH. For comparison, the interfacial tension between glyceryl trioleate and saline was measured for different saline flow rate Fig. 7 . The interfacial tension between glyceryl trioleate and saline was almost constant for flow rates of 1 10 mL/ h, being independent of the saline pH and exhibiting slight fluctuations at flow rates below 1 mL/h. Thus, the decrease in interfacial tension between edible oil and saline was not due to the hydrodynamic perturbation arising from the flow of saline. In addition, the interfacial tension of the edible oil was smaller than that of glyceryl trioleate, indicating that the edible oil contained surface-active ingredients that were possibly more hydrophilic than triacylglyc- erols in edible oil, as described in Fig. 5 . These surfaceactive ingredients slowly adsorbed at the edible oil/saline interface and reduced the interfacial tension. Unfortunately, we recognized that performing interfacial tension measurements under equilibrium conditions was difficult. Considering the fact that the interfacial tension between glyceryl trioleate and saline was stable at flow rates above 1mL/h, we tentatively fixed the flow rate to 1 mL/h, corresponding to a maximal droplet formation time of 3 6 min. This is of the same order as the droplet formation time of 2 min required to reach equilibrium adsorption of sodium dodecyl sulfate at decane/aqueous electrolyte solution interfaces 28 . 
3.3
Interfacial tension between edible oil and saline at applied electric elds 3.3.1 Additive-free edible oil
The interfacial tension between additive-free edible oil and saline was measured as a function of offset voltage under an AC electric field with a frequency of 50 kHz and a peak-to-peak voltage of 200 V 200 V pp . The interfacial tension measured under the electric field γ * was normalized with respect to that measured in its absence γ to eliminate the influences of other factors. Figure 8 shows the normalized interfacial tension γ*⁄ γ for edible oil additive-free oil . The values of γ*⁄ γ were almost equal to unity for both PBS pH 7.2 7.4 and saline pH 5.4 5.6 , indicating no change in the interfacial tension when electric fields were applied between the two phases.
It is well known that chemical degradation of edible oils, i.e., hydrolysis and oxidation, produces a variety of surfaceactive products 29 . For instance, hydrolysis of edible oils yields surface-active hydrolysates such as free fatty acids. Accordingly, we used OA and SO as a model for products formed from edible oil to examine the influence of their surface activity on the electrocapillary phenomena at edible oil/saline interfaces. However, γ ⁄ γ decreased to 0.8 0.9 for both positive and negative offset voltages. For saline Fig. 10 b , γ *⁄ γ decreased to 0.9 under an AC electric field in the absence of the offset voltage. Moreover, γ*⁄ γ decreased to 0.8 and 0.4 at offset voltages of 100 and 100 V, respectively, returning to 1 when the electric fields were switched off after a sequence of measurements. This decrease in interfacial tension was obviously caused by the applied electric field, being relatively small and showing little difference in γ*⁄ γ for PBS and saline at negative offset voltages. On the other hand, this decrease was much larger for saline than that for PBS at positive offset voltages. Interestingly, the decrease in interfacial tension was clearly dependent on the pH of saline, which is discussed later in relation to the pK a of OA.
The effect of offset voltage on the interfacial tension between SO-oil and saline was more significant than that of the AC electric field. Hence, the above interfacial tension was measured for offset voltage in the absence of the AC electric field at a concentration of 10 3 M SO in edible oil. Figure 11 shows γ*⁄ γ as a function of the offset voltage. γ*⁄ γ decreased with increasing the magnitude of offset voltage, returning to 1 when the electric field was switched off after a sequence of measurements. For PBS Fig. 11 a , γ *⁄ γ decreased to 0.8 at an offset voltage of 100 V, being similar to the values observed in the presence of the AC electric field in Fig. 10 a . The positive and negative offset voltages showed little difference in the values of γ*⁄ γ for PBS. However, γ*⁄ γ for saline showed a larger decrease for positive offset voltages than negative ones. At an offset voltage of 100 V, γ *⁄ γ decreased to 0.6, which was larger than the value 0.4 observed in the presence of the AC electric field. Thus, the influence of the AC electric field on γ*⁄ γ was recognized for saline but not for PBS.
The decrease in the interfacial tension between oil and aqueous solution phases induced by the application of an electric field is referred to as electrocapillary phenomena. Watanabe et al. showed that electrocapillary phenomena were observed when the electric potential applied to the aqueous phase with reference to the oil phase was positive for anionic surfactants and negative for cationic surfactants. The polarity of this electric potential corresponds to that of the offset voltage in this study. In addition, they confirmed the decrease in the interfacial tension between oil and water phases for the both positive and negative applied electric potentials when anionic and cationic surfactants coexisted in the oil phase 7 , which agrees with the results of our study. For positive offset voltages, the decrease in interfacial tension was caused by the addition of SO anionic surfactant to edible oil. On the other hand, this decrease was also observed for negative offset voltages, implying that the edible oil used here might contain cationic surface-active ingredients. In parallel with the present study, electrocapillary phenomena at glyceryl trioleate/ saline interfaces were investigated as a model for edible oil/ saline interfaces, showing no decrease in interfacial tension for 10 3 M SO in glyceryl trioleate at negative offset voltages. The results displayed in Table 1 and Fig. 6 , show that the edible oil originally contained some surface-active ingredients that were slowly adsorbed at the edible oil/saline interface. Unsurprisingly, the decrease in interfacial tension would be observed for negative offset voltage if the above surface-active ingredients contained in edible oil were cationic. Moreover, the decrease in interfacial tension depended on the pH of saline. Watanabe et al. reported that the electrocapillary phenomena were suppressed for non-ionized surfactants, i.e., at the isoelectric point of amphoteric surfactants or in the case of strong binding of counter-ions to cationic surfactants 8 10 . The fraction of ionized OA adsorbed at the edible oil/PBS pH 7.2 7.4 interface should be larger than that for saline pH5.4 5.6 , since the pK a of the OA monomer is 4.9 30, 31 . Thus, we expected that the decrease in interfacial tension might be larger for PBS than for saline when an electric field was applied. However, contrary to our expectation, the interfacial tension showed a larger decrease for saline than for PBS. The dependence of electrocapillary phenomena on the pH of saline cannot be simply explained in terms of the dissociation of OA carboxylate groups. Watanabe et al. also reported that the decrease in oil / water interfacial tension was induced by electric field was enhanced when the interfacial adsorption of sodium dodecyl sulfate anionic surfactant was promoted by increasing the concentration and valence of inorganic electrolytes in the aqueous phase 11 . This observation was rationalized by the fact that the reduced electrostatic repulsion between ionic surfactant moleculest increased their interfacial packing density as a result of weak binding with counter-ions 32 . In addition, Kaninky et al. proposed that ion-dipole interactions between ionized and non-ionized carboxyl groups of fatty acids become dominant at the pH of aqueous phase close to pK a , leading to a tighter packing of fatty acid molecules at air / water and oil / water interfaces 33, 34 . In our study, a smaller interfacial tension was observed for saline than for PBS prior to applying the electric field see Figs. 10 and 11 , suggesting that OA molecules were adsorbed at the interface for saline more than PBS. Adopting the above explanation, the ion-dipole interactions and the reduced repulsion between carboxyl groups increased the packing density of OA molecules at 
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the edible oil/saline interface when the pH of saline was close to pK a of OA. Accordingly, it is speculated that nonionized OA molecules interacting with ionized ones might make some contributions to larger decrease in interfacial tension for saline than for PBS under applied electric fields.
The fact that the decrease in the interfacial tension was clearly observed for the SO-oil but not for the OA-oil was still puzzling, although there should be little difference in the ratio of ionized and non-ionized OA carboxyl groups oriented to the saline phase at the interfaces. The relationship between the interfacial tension and the electric potential difference at an oil/aqueous solution interface is given by the Lippmann equation:
where γ is the interfacial tension, Z is the valence of symmetrical ionic species, F is the Faraday constant, Γ and Γ are the surface excess concentrations of symmetrical ionic species, σ 0 is the charge density at the interface, E is the effective potential difference at the interface, E is the potential difference applied between the oil and aqueous phases, and α is the factor accounting for the ohmic drop caused by the resistances of the two phases 11 .
Watanabe et al. showed that addition of organic electrolytes, e.g., tetramethylammomium iodide or chloride, to the oil phase is required to minimize the ohmic drop of electric potential in oil and aqueous phases 7 , implying that the highest possible value of α in Eq. 4 was required for the occurrence of electrocapillary phenomena. Accordingly, a possible explanation for the difference in electrocapillary phenomena between OA-and SO-oils is the greater ohmic drop in the former.
3.4 Dependence of electrocapillary phenomena at SOoil/saline interfaces on the frequency of the AC electric eld Electrocapillary phenomena were mostly investigated under DC electric fields. In this case, the decrease in interfacial tension at the oil/aqueous solution interface depends on the charge density induced by interfacial polarization. On the other hand, the polarization at the oil/aqueous solution interface was observed under AC electric fields 35 38 , making it interesting to examine the dependence of the interfacial tension between SO-oil and saline on the frequency of AC electric fields. Figure 12 shows the interfacial tension between SO-oil and saline as a function of AC electric field frequency in the absence of an offset voltage 0 V offset . For PBS pH 7.2 7.4 , γ*⁄ γ was close to unity, with no influence of the AC electric field on the interfacial tension Fig. 12 a . On the other hand, γ*⁄ γ for saline pH 5.4 5.6 decreased with decreasing the frequency of AC electric field, despite some observed scattering in the values of γ *⁄ γ Fig. 12 b . Thus, the interfacial tension for saline was clearly dependent on the frequency of the AC electric field. Figure 13 shows the interfacial tension measured at an offset voltage of 100 V 100 V offset as a function of the AC electric field frequency. For PBS, γ*⁄ γ decreased to 0.9 in the range of 0.05 50 kHz, being roughly equal to the values measured at the offset voltage of 100 V in the absence of the AC electric field see Fig. 11 a . In addition, the AC electric field exhibited little influence on the interfacial tension. For saline, the values of γ*⁄ γ were scattered in the range of 0.7 to 1.0, displaying no apparent correlation with the frequency of the AC electric field. Figure 14 shows the interfacial tension measured at an offset voltage of 100 V 100 V offset as a function of the AC electric field frequency. For PBS, γ*⁄ γ decreased to In summary, the influence of the AC electric field on the interfacial tension between SO-oil and saline was small in comparison with that of the offset voltage DC electric field , except for the case of saline pH5.4 5.6 . Since the effect of the AC electric field on electrocapillary phenomena is complicated, it is discussed later in relation to the polarization at edible oil/saline interfaces.
Electric response of saline droplets in edible oil
Electrocapillary phenomena at edible oil/saline interfaces were closely related to the corresponding polarization to understand the relation between electrocapillary phenomena and interfacial polarization under AC electric fields. We focused on the formation of saline droplet pearl chains in edible oil that are formed by dipole-dipole attraction between individual droplets as a result of interfacial polarization. Hence, we considered that the magnitude of interfacial polarization could be quantitatively assessed by microscopic observation of pearl chain formation. Figure 15 shows microscopic images of saline droplets in additive-free oil under an AC electric field with a frequency of 50 kHz and a peak-to-peak voltage of 200 V 200 V pp between two electrodes with 1mm gap corresponding to a field strength of 2000 V pp /cm. At field strengths below 2000 V pp /cm, saline droplets in edible oil showed no re- sponse to the electric field 5min after applying the electric field. Figure 16 shows microscopic images of saline droplets in OA-oil 10 3 M OA in edible oil under an AC electric field with a frequency of 50 kHz and a field strength of 2000 V pp /cm. Pearl chains of saline droplets in oil were formed within 1 2 min after applying the electric field. At a field strength of 1000 V pp /cm, the saline droplets approached each other very slowly, and no pearl chains were formed for 5 min after applying the electric field. No response of saline droplets in the OA-oil was detected at field strengths below 1000 V pp /cm for 5 min after applying the field. Figure 17 shows microscopic images of saline droplets in SO-oil 10 3 M SO in edible oil under an AC electric field with a frequency of 50 kHz and a field strength of 500 V pp / cm. At field strengths of 500 1000 V pp /cm, pearl chains of saline droplets in the edible oil were formed 1 min after applying the electric field. At a field strength of 200 V pp /cm, the saline droplets approached each other slowly, and no pearl chain was formed for 5 min after applying the electric field. Thus, no response of saline droplets in OA-oil was detected at field strengths below 200 V pp /cm after applying the field. At a field strength of 2000 V pp /cm, complicated and irregular perturbation of W/O saline/edible emulsion was caused. We assessed the electric response of saline droplets in edible oil at frequencies from 0.05 to 50 kHz. The above complicated and irregular perturbation of the emulsion started at some critical field strength that decreased with decreasing the frequency of AC electric field. Additionally, we tried to examine the electric response of saline droplets under AC electric fields with applied offset voltages. However, the application of offset voltages also caused the complicated and irregular perturbation of the W/O emulsion similarly to the above case. This phenomenon might be due to electrokinetic backgrounds such as electroosmosis and/or electrophoresis. Consequently, the electric response of saline droplets in edible oil could not be observed under these experimental conditions. For charged particles in aqueous electrolyte solution, the pearl chains are also formed as a result of dipole-dipole attraction induced by concentration polarization of ions mainly counter-ions in EDLs at particle/aqueous solution interfaces. As soon as the electric field is switched off, the ion concentration polarization of EDLs disappears, and the pearl chains collapse due to EDL repulsion between the particles 39 . However, in this study, the pearl chains of saline droplets and their orientations were retained for at least several hours after the electric field was switched off. The orientations of pearl chains were partly disordered after about 1 h, but the chaining of saline droplets was still retained. This observation suggests that EDL repulsion between saline droplets was too small to overcome van der Waals attraction and separate the saline droplets in pearl chains from each other, due to the absence of developed EDLs in edible oil. This was explained by much lower dielectric constant of edible oil compared to that of water. In addition, the viscosity of edible oil was larger than that of water, resulting in slow diffusion of saline droplets inedible oil. The formation of saline droplet pearl chains in edible oil is mostly due to the ion concentration polarization of EDLs in saline droplets rather than in edible oil. Table 2 lists the results of microscopically observed electric responses of saline droplets in edible oils. The critical electric field strength for pearl chain formation in SO-oil was lower than that in OA-oil. On the other hand, no pearl chain was formed 5 minutes after applying the electric field in additive-free oil although their formation in the vicinity of electrodes was observed 1hour after applying the electric field with a field strength of 2000 V pp /cm, suggesting that the additive-free oil/saline interface was polarized more weakly than those of OA-and SO-oils. Accordingly, the magnitude of polarization at edible oil/saline interfaces increased in the order of additive-free oil OA-oil SO-oil under the same electric field strength. The electric field strength of 500 1000 V pp /cm, required for pearl chains formation in SO-oil, was close to that at edible oil/saline interfaces in interfacial tension measurements where an AC electric field of 200 V pp was applied between Pt capillary tip and counter electrode with a gap of 5 mm. Electric field strengths above 2000 V pp /cm might be required to induce electrocapillary phenomena for additivefree and OA-oils. The order of polarization magnitude was consistent with the fact that electrocapillary phenomena were observed only for SO-oil. For this oil, complicated and 
×No response to electric field; △Response to electric field; ○Pearl chain was formed; -Observation was not available.
irregular flow of the W/O emulsion induced by electrokinetic phenomena collapsed pearl chains at a field strength of 2000 V pp /cm. The ion current ion migration accompanied by electrokinetic phenomena for SO-oil was higher than that for OA-oil, i.e., the conductivity of the OA-oil was lower than that of SO-oil, further supporting the hypothesis that the ohmic drop of electric potential in OA-oil was more serious than in SO-oil. The electric responses of PBS and saline droplets in SO-oil showed no difference, whereas the interfacial tension showed a larger decrease for saline than for PBS under AC electric fields as shown in Fig. 12 . The electrocapillary phenomena at the edible oil/saline interface cannot be simply explained by the ion concentration polarization of EDLs in the saline phase. Watanabe et al. confirmed that electrocapillary phenomena occurred for the same polarity of the electric potential DC between oil and water phases irrespectively of whether ionic surfactants were added to the water or oil phase. Accordingly, they concluded that electrocapillary phenomena at oil/aqueous solution interfaces were dominated by the electric orientation of surfactants at the interfaces rather than the concentration polarization induced by the electric migration of surfactants from the bulk phases to the oil / water interface. As seen in Fig. 12 , AC electric fields did not have an effect on γ*⁄ γ for PBS, as opposed to a pronounced effect in the case of saline. As the pH of saline decreased, the iondipole interactions between ionized and non-ionized carboxylate groups of OA became dominant at the edible oil/ saline interface. These interactions between OA molecules were weakened by the electric repulsion between the ionized carboxyl groups of OA due to their increased fraction. If this is the case, OA molecules adsorbed at the edible oil/saline interface and involved in ion-dipole interactions might show a more sensitive response to AC electric fields than fully ionized OA molecules at the edible oil/ PBS interface. Accordingly, the effect of ion-dipole interactions between interfacial OA molecules on their orientation of OA molecules with respect to the electric fields might cause the above difference in electrocapillary phenomena. In order to understand this interfacial structure on a molecular level, we expect studies based on dielectric response and/or nuclear magnetic resonance to offer effective suggestions for the micro-macro connection between electrocapillary phenomena and the molecular structure at the interfaces as the next step.
CONCLUSIONS
In this study, interfacial tension between edible oil and saline was measured under electric fields applied between the two phases to investigate electrocapillary phenomena at the edible oil/saline interfaces. Moreover, in order to understand the relationship between electrocapillary phenomena and polarization at edible oil/saline interfaces under AC electric fields, microscopic observations of the electric response of saline droplets in edible oils were performed. The interfacial tension between SO-oil and saline decreased, whereas it showed no decrease for additive-free oil or OA-oil. Microscopic observations of the electric response of saline droplets in edible oil confirmed that the magnitude of polarization at edible oil/saline interfaces increased in the order of additive-free edible oil OA-oil SO-oil under the same electric field strength, which was closely related to the difference in the decrease in interfacial tension between edible oils and saline. This decrease in interfacial tension was observed for both positive and negative offset voltages. For positive offset voltages, the decrease in interfacial tension was due to the addition of SO, i.e., anionic surfactant, to edible oil. For negative offset voltages, the decrease in interfacial tension implied that edible oil originally contained cationic surface-active ingredients. Interestingly, the decrease in interfacial tension depended on the pH of saline. For SO-oil, the decrease in interfacial tension for saline pH 5.4 5.6 was markedly larger than that for phosphate-buffered saline PBS, pH 7.2 7.4 . On the other hand, there was no difference between the electric responses of PBS and saline droplets in SO-oil, indicating similar magnitudes of polarization at the edible oil/saline interfaces. Therefore, the difference between electrocapillary phenomena for PBS and saline could not simply be explained by polarization at the interfaces. Considering the pK a value of OA monomer 4.9 , the fraction of non-ionized carboxyl groups of OA molecules increased with decreasing the saline pH from 7.2 7.4 to 5.4 5.6. Such a change in the ratio of ionized and non-ionized OA molecules at the edible oil-saline interfaces might cause the difference in electrocapillary phenomena.
